The aim of this paper is to assess the impacts of successive generations of modern variety (MV) of rice on rice yields and income from 1966/67 to 1998/99. Yield rose albeit modestly following the release of first-generation of MVs (MVl), which are potentially higher yielding than the traditional varieties (TVs) but are susceptible to attacks of pests and diseases. Rice income per hectare per season did not rise with the adoption of MV1 indicating that the income-increasing effect of MV1 is limited. A major yield boost was achieved following the diffusion of the second-generation of MVs (MV2), which incorporated resistance against multiple pests and diseases. MV2 has a significant positive effect on rice income because of its high yield and suitability for dry season cropping. Moreover, input prices remained low in the years of diffusion of MV2, which further complements the positive effect of MV2 on rice income. Yield began to stagnate with the diffusion of the third-generation of MVs (MV3) because MV3 are superior with respect to grain quality but not so much with respect to yield. Meanwhile, wage rates rose rapidly during the period of diffusion of MV3 as a result of the development of non-farm sector. Rice income has remained fairly the same during the period of diffusion of MV3.
Introduction
A variety of technological and institutional changes have taken place in rice growing regions in the Philippines since the release in 1966 of IRS, the first modern variety (MV) of rice known to many as the "miracle rice". The diffusion of MVs was accompanied by increased use of labor and chemical inputs as well as the adoption of better cultural practices such as intensive weeding and straightrow planting (Barker and Herdt [1] ). The adoption of MVs was fast in irrigated and favorably rainfed areas in the 1970s and 1980s because MVs are more suitable in areas with bet-• Foundation for Advanced Studies on International Development, t Tokyo Metropolitan University and International Food Policy Research Institute. We would like to thank the International Rice Research Institute for providing the data set. The usual caveat applies. ter production environments (David and Otsuka [3] ). New MVs have been continuously developed and diffused in wider areas over time, and those farmers who had adopted earlier MVs were fast in adopting newer generations of MVs. It is reported that there has been no reversal back to earlier MVs because newer MVs are more profitable (Estudillo, Fujimura, and Hossain [5] ).
Obviously, the Green Revolution, represented by the adoption of MVs and improved farming practices, is not a one-shot phenomenon, but involves a series of improvement of MVs and the related practices. A first question we would like to address in this article is what kinds of changes MVs brought about to rice farming for the last three decades. Another major question is whether and to what extent the improvement of MVs contributed to sustainable enhancement of rice production efficiency. In other words, we are interested to identify whether the Green Revolution has ended, and if the answer is affirmative, when the contribution of newer MVs ceased to be significant.
An earlier study of long-term trends in physical yield in Central Luzon conducted by Otsuka, Gascon, and Asano [16] shows that rice yield rose albeit modestly following the release of "first-generation" of MVs (MVl), which are potentially higher-yielding than traditional rice varieties (TVs) but are susceptible to attacks of pests and diseases. Major yield boost was achieved following the release of the "second-generation" of MVs (MV2) beginning with IR36 released in 1976, which are resistant to multiple pests and diseases. The third-generation of MVs (MV3), marked by the advent of IR64, were released since the mid-1980s, which are superior to MV2 with respect to grain quality but not so much with respect to yield. Superior grain quality adds up to the higher value of production because highergrain quality commands higher prices in the market. Thus, in order to assess the positive contribution of MV3 over MV2, we need to compare the profitability of MV2 and MV3 rather than their physical yields.
In an earlier study of the determinants of household income using the Central Luzon Loop Survey data, Estudillo and Otsuka [ 4] found that irrigation has a significantly positive effect on the residual profit, which can be largely considered as return to land, because irrigation increases yield of MVs, which thrive well in favorable production environment.!) Moreover, irrigation allows the production of a second crop of rice during the dry season, thereby approximately doubling income from the same area of land per year. However, their study does not provide a full picture of the long-term trends in the profitability of MVs because their analysis is confined to the pre-Green Revolution period of 1966/67 and there· cent periods covering only 1986/87, 1990/91, and 1994/95.
The aim of this paper is to assess the impacts of successive generations of MVs on rice yields and income over the past three decades from 1966/67 to 1998/98 using long-term data set collected in Central Luzon, the so-called "rice bowl" of the Philippines. In particular, we would like to inquire into the changing impacts of the three generations of MVs with a view to identifying the sustainability of the Green Revolution. This paper has four remaining sections. Section II reviews the characteristics of sample households and changes in technology adoption and trends in rice yield. Section III describes the trends in factor shares in rice farming and rice income. Section IV identifies the changing determinants of rice income through the regression analysis. Finally, Section V presents the summary and conclusions.
Sample Households and Changes in Rice Farming 2 l
The survey route and sample households The data in this paper come from a series of surveys conducted by the Social Sciences Division of the International Rice Research Institute CIRRI) almost every four years from 1966/ 67 to 1998/99 in Central Luzon. The major objective of the surveys has been to monitor changes in rice technology, cultural practices, land tenure, mechanization, and labor practices that occurred during the survey periods (Herdt [13] ). We believe that this is the best available data set to assess the sustainability of rice Green Revolution in terms of the coverage of long periods and adequacy of collected information on rice production. This survey is called the "Loop" survey because it covers sample respondents located along a "loop" of the main highway stretching north of Manila through the provinces of Bulacan, Nueva Ecija, Pampanga, Tarlac, Pangasinan and La Union (Fig.l) . The respondents are dispersed over about 200-mile distance from Manila whose houses are located adjacent to the highway at fixed intervals. The original sample size of the Loop survey in the wet season of 1966 was 92 respondents (Table  1) . It was intended to maintain the original sample but the sample size declined gradually over time caused by retirement, and refusal of interview or absence during the survey visits. Hence, in 1979, new sample farmers from the same villages where the remaining samples lived were added, thus increasing the sample size to 149. By the wet season of 1994, however, only 100 sample farmers remained, and as few as 27 of them belong to the original 92 samples or their successors in 1966. In the latest survey in the wet season in 1999, the sample size was further reduced to 79 households. The sample size is generally smaller during the dry than wet season because only those farmers who planted rice in irrigated fields in the dry season were included in the sample. Our sample households may not represent the typical rice-farming households in the Philippines because they are located in favorable rice-growing areas with better access to market infrastructure and technology information. In fact, Central Luzon is regarded as the front-runner in the adoption of modern rice technology in the country. Regional data from the Census of Agriculture in 1971 reveal that there was a faster rate of MV adoption in Central Luzon due to the well-developed irrigation facilities in the area. A 100% adoption rate of MVs was achieved in 1979 by the Central Luzon loop survey respondents, whereas in the lowland paddy areas of the whole country it was achieved only in the early 1990s. Due to higher rate of adoption of MVs, paddy yield achieved by our samples is much higher than the national average. The average paddy yield in our sample households is 4.1 tons per ha per season, which is much higher than the national average of 2.9 tons per ha per season from 1980 to 1999.
Our sample does not cover the entire rice farming community because it includes only the farming households such as owner cultivators, leaseholders and holders of Certificate of Land Transfer CCL T);> and share tenants with the exclusion of landless households. Landless households are those who do not have access to land, such as households of casual wage workers in rice farming and those engaged in nonfarm employment. Since the landless households are generally the poorest group in rural areas (Estudillo, Quisumbing, and Otsuka [6] ), the omission of landless households implies that this data set is not suitable for the analysis of changes in overall household income distribution in rural areas over time.
It is important to point out that the impact of new rice technology on income distribution is more significant in favorable rice-growing areas such as the Central Luzon because MV adoption is high in favorable areas due to the presence of more developed irrigation facilities. But the benefits of modern rice technology is transmitted in unfavorable regions due to interregional labor migration from less favorable to favorable areas not only in the Philippines but also in other countries of Asia (David and Otsuka [3] ).
The shortcoming of our data set however, is not particularly damaging for our purpose of assessing the changing efficiency of rice farming. It is also true that there is no other data set in tropical areas of Asia that can give information on rice farming as far back in time as the loop survey data set.
As is shown in Table 1 , there has been a persistent decline in the average cultivation size of rice farms beginning in 1979. Average farm size during the wet season, when the whole paddy fields were planted to rice, decreased from 2.6 hectares in 1970-74 to 1.8 hectares in 1982 to 1994, and further to 1.5 hectares in 1999. The decline in farm size can be explained partly by the changes in the composition of sample farms but more fundamentally by population pressure on limited land resources.
Land reform and changes in land tenancy 4 > The hacienda system consisting of hundreds of hectares of land owned by big landlords and operated by numerous small share tenants prevailed in Central Luzon before the implementation of land reform program in 1972 (Hayami and Kikuchi [9] ). The major purpose of the land reform program is to transfer land to actual cultivators and promote leasehold tenancy in place of share tenancy (Hayami et al. [12] ). The Philippine land reform laws apply only to tenanted areas growing rice and corn, with the exclusion of owner-cultivated areas and areas growing crops other than rice and corn. Landlords are allowed to retain 7 hectares of land and lands in excess of the retention limit are sold to former tenants.
The land reform consists of two programs: (1) Operation Leasehold (LHO), which applies to lands below the 7 hectare retention limit, and (2) Operation Land Transfer (OL T), which applies to lands above the retention limit. Under the LHO program, share tenancy is converted to leasehold tenancy with rent fixed at 25% of the average output for three normal crop years proceeding the year of program implementation. Under the OL T program, lands above the retention limit are sold to former tenants at a price 2.5 times the value of gross normal output. The Certificate of Land Transfer (CL T) was distributed to eligible tenants, identifying their cultivated area and promising them the right to purchase the land. CL T holders are required to pay amortization fees to the Land Bank within 15 years. Amortization payments of CL T holders and the fixed leasehold rent are more or less the same.
According to Otsuka [14] . the land reform was most effectively implemented in favorable rice growing areas in the country including Central Luzon. In 1966, the most common form of land tenure was share tenancy. The land tenure distribution, however, has undergone substantial changes as a result of the implementation of land reform. As shown in Table 1 , the proportion of land under leasehold tenancy and CLT increased remarkably at the expense of share-tenanted areas in the 1970s. There was also an increase in the proportion of land under owner-cultivation from 1990 to 1994 and 1999, because many CLT holders have completed the amortization payments, received the Emancipation Patent (EP), and become owner-cultivators. In 1999, 48% of the average landholdings is under private ownership.
Demographic characteristics In this study, the household head is defined as a member of the household who makes and implements major decisions on rice farming. In most cases, the head is the male spouse although female spouse and children are involved in rice farming activities as well. The average age of head declined from 46 years in 1966 to 43 years in 1979 because of the addition of new samples in 1979 ( Table 1 ). The rising trend in the age of head since 1979 simply reflects the fact that the heads of the selected household have remained the same for many years. That is, rice farming has been a major source of employment for male parents, while their children often explored alternative jobs, particularly in nonfarm sectors.
Average schooling of head increased from less than five years in 1966 to 1974 to more than 6 years in 1979 to 1998, which partly reflects the cohort effect of younger households surveyed in later years. Average household size of sample households was 7.6 in 1966 and decreased to about 6 in 1986-99. More than 60% of the household members belonged to the labor force defined as 14-65 years old in 1966 and 15-60 years old from 1986 to 1999. To our knowledge, data on schooling of all household members other than the heads are available since 1986 only. Working children have attained higher levels of schooling compared to their working parents. A large proportion of working children completed a secondary or college education while the majority of working parents obtained primary or secondary schooling only ( Table 2 ). The increase in the schooling attainment of working children could be due to increased wealth of the former share tenants as a result of the implementation of land reform program as well as the increase in the number of schools in rural areas. Secondary schooling in the Philippines has been mandated to be free since 1986 thus, the private costs of schooling born by parents declined. Parents have greater incentives to send their children to school due to increased returns to human capital in the non-farm sector. According to Estudillo, Quisumbing and Otsuka [7, 8] , parents are more inclined to give female children higher levels of schooling perhaps due to increased returns to female schooling in the nonfarm sector (Psacharopoulos [19] ). Meanwhile, male children generally receive more lands because rice farming is more intensive in male labor. In our sample, the proportion of working children who finished college education rose from 7% in 1986 to 25% in 1999.
Irrigation ratio and adoption of MVs Irrigation is a critical input in rice production because it can control the water supply and increase the effective supply of land by allowing second crop of rice during the dry season. As will be shown later, however, the effects of irrigation differed, when TVs were dominant and when older MVs were replaced by newer MVs. This is because unlike MVs, TVs are photo-period sensitive and, thus, not suitable for dry season cropping, and because newer MVs were more tolerant against mild drought.
The ratio of rice area with irrigation in Central Luzon had risen from 60% in 1966 to 71% in 1979 due to the construction of Pantabangan dam in 1974, which supplied canal water to the southern part of Nueva Ecija ( Table 3 ). The ratio of rice area with irrigation, however, started to decline in 1986 perhaps due to therecent deterioration of irrigation facilities. Thus, it is possible that the yield-enhancing effect of irrigation night have declined in recent years. Cropping intensity rose considerably from 1.1 in 1966 to 1.6 in 1979 and then it has remained fairly constant since then.
IRRI released IRS in 1966, which was followed by a number of improved modem cultivars. We classify MVs into three groups based primarily on the date of release and distinct changes in their characteristics. The firstgeneration of MVs (MVl) consisting of C4 developed by the University of the Philippines, and IR5 to IR34 developed by IRRI were released from the mid-1960s to the mid-1970s. MV1 was potentially higher-yielding than the traditional varieties (TVs) under ideal conditions, but not necessarily so on farmers" fields due to their susceptibility to pests and diseases. This explains why improved varieties released by IRRI used to be called "highyielding" varieties but are called "modern" varieties in more recent years.
The second-generation of MVs (MV2), consisting of IR36 to IR62, was released from the mid -1970s to the mid -1980s. MV2 was designed to ensure yield stability by incorporating multiple pests and disease resistance. Experimental data show that the downward yield stability was reduced following the diffusion of MV2 with stronger insect and disease resistance, resulting in higher average yields (Cassman and Pingali [2] ).
The third-generation of MVs (MV3), consisting of IR64 to IR74 and PSBRc2 to PSBRc74, was released from the mid-1980s to the late 1990s. MV3 add value to rice production by incorporating better grain quality and contribute to reduction in labor and water inputs by facilitating the adoption of direct-seeding method of crop establishment. MV3 is superior to MV2 with respect to grain quality but not so much in physical yield. The most popular MV3 is IR64, which commands a higher price in the market because of its superior eating quality. Roughly speaking, MV2 and MV3 are equally resistant to pests and diseases.
There was a fast rate of adoption of MV1 immediately after the first release, which can be explained by the relatively good irrigation condition and favorable rainfed environments in the sample areas. By 1970, 66% of sample farmers were adopting MVl. The adoption of MV2 was quicker than MVl. A few years after the release of IR36 in 1976, 92% of sample farmers in Central Luzon in 1979 were already adopting MV2. Moreover, by 1979 MV2 completely replaced TVs. The adoption of MV3 was also fast and their adoption reached 90% by 1990. Overall, the diffusion of new MVs has been remarkably fast and there has been no reversal back to TVs and old MVs indicating that the use of newer MVs has been more profitable due possibly to higher-yielding capacity, shorter-growth duration, and superior grain quality.
Paddy yield in Central Luzon rose only from 2.3 tons per ha per season in 1966 to 2.5 tons in 1970 (Table 3) indicating that the yield advantage of MV1 vis-a-vis the TV was limited. A major yield boost was associated with the diffusion of MV2 with stronger pest resistance, which was achieved between 1979 and 1986. Compared with the earlier period from 1966 to 1974, rice yields increased by more than 50% in 1979 and almost doubled in 1980 and 1982. Significant yield gain due to the adoption of MV2 was statistically confirmed by Otsuka, Gascon, and Asano [16] . The stagnant wet season yields from 1986 to 1999 indicate that yield of MV3 is not much different from that of MV2. This may be taken to imply that the Green Revolution ended during the 1980s to the extent that the improved grain quality did not result in significant increases in the value of rice production.
It is interesting to find that paddy yields were significantly lower during the dry season in 1967 than in the wet season in 1966. This is essentially due to photo-period sensitivity of TVs. Paddy yield tends to become higher during the dry than wet season thereafter partly because of the photo-period insensitivity of MVs and partly because of the absence of typhoons and sunny weather during the dry season. According to Otsuka, Gascon, and Asano [16] . the adoption of improved MVs significantly contributed to yield growth under the irrigated condition and during the dry season. The rising trend in the dry season yields from 1980 to 1998 indicate that some potential existed to increase yield through better farm practices and higher application of inputs.
Average rice production rose considerably (Table 3 ). The amount of fertilizer applied is higher in the dry than wet season because MVs respond favorably to fertilizer application in production environment with sufficiently controlled supply of water. Another reason that can explain the increased application of fertilizer is the decline in urea price relative to paddy price. As a result, fertilizer application has significantly increased in the 1990s.
In 1966, when TVs were dominant the average growth duration of rice varieties was 155 days per season ( Table 4 ). The average growth duration, however, declined to 118 days per season in 1979 due to the diffusion of MV2 characterized by shorter growth duration. This may be a remarkable achievement of the Green Revolution, because the shorter growth duration makes it possible to adjust growing seasons and to allocate more time to non-farm jobs and other activities. This is particularly so, if shortened growth duration was achieved without sacrificing paddy yields. There has been, however, no significant change in the average growth duration of rices grown by the sample farmers since 1979. The popular rice varieties are IR5 and IR20 for MV1, IR36 and IR42 for MV2, and IR64, IR72, PSBRc10, PSBRc14, and PSBRc28 for MV3. Labor-saving technologies and labor use 5 > There is a growing trend in the use of laborsaving technologies such as tractor, thresher, and direct-seeding. Tractor use predated the introduction of MVs in Central Luzon. In 1960s, the large 70 horsepower four-wheel tractors were popular because most fields in Central Luzon were rainfed and the four-wheel heavier tractors were effective in breaking the hard soil. The small two-wheel power tillers replaced the four-wheel tractors when irrigation facilities expanded.
Thresher use has a long history in Central Luzon. As early as in the 1920s, big threshing machine called tilyadora was used in large haciendas to monitor the sharing of output between landlords and share tenants (Hayami and Kikuchi [9] ). When the haciendas were abolished following the successful implementation of land reform in Central Luzon, many farmers switched back to manual threshing. The proportion of farmers using tilyadora declined from 77% in 1966 to 46% in 1974. The shift to hand threshing might have also been triggered by the improvement in irrigation system in the mid -1970s and the adoption of early maturing varieties of rice. The axial-flow thresher designed by IRRI was released in 1974: the smaller and more portable type came out in 1977. Following the introduction of smaller and lighter thresher, some of the sample farmers in Central Luzon reverted back to machine threshing. The proportion of portable thresher user rose from 2% in 1974 to 23% in 1979. Meanwhile the use of tilyadora started to decline beginning in 1974 and in 1986 no one was found using tilyadora.
Direct-seeding method is labor-saving because seeds are sown directly in the fields, thus eliminating the labor-using activities such as preparation and care of seedbed and transplanting. Direct-seeding has been becoming a common practice among sample farmers in Central Luzon since the mid-1980s presumably because of the introduction of more effective herbicides. Weed problems are more common in fields in which direct-seeding is practiced. The adoption of direct-seeding was higher in the dry than wet season because the depth of water is well under control during the dry season. Water control is important for successful direct-seeding because germination is prohibited if young seedlings perish in deep water.
According to Otsuka, Gascon and Asano [17] , the increasing trends in the adoption of labor-saving technologies is a response to the increase in wage rates relative to the rental rates of tractor and thresher. The labor-saving direct-seeding method is increasingly replacing the labor-using transplanting method because of high wage rates. Low prices of herbicides, which can combat weed problems in direct-seeded farms, also give incentives to farmers to adopt direct-seeding.
Labor input in rice production is affected by the introduction of MVs and the adoption of labor-saving technologies. The adoption of MVs increased the demand for labor particularly in crop care activities such as weeding and application of chemical fertilizer, and in harvesting and threshing due to larger harvests. Tractors reduced the demand for labor in land preparation, thresher reduced the demand for threshing, and direct-seeding reduced the demand in crop establishment.
Total labor use increased modestly in the 1970s and decreased in subsequent two decades, which suggests that the .labor-using effect of MVs were largely offset by the laborsaving effects of mechanical technologies and direct-seeding. Total hired labor increased due to increased total labor demand and reduced family labor input. Thus, it seems reasonable to postulate that the shorter-growing period of MVs raised the importance of timing of various activities that created sharp peak demand for labor, thereby increasing demand for hired labor.
There was a noticeable decline in labor input in land preparation from 1966 to 1970 following a sharp rise in the proportion of farmers adopting tractors. Crop establishment includes such activities as preparation and care of seedbed and transplanting. Beginning in 1980, there was a decline in labor inputs in crop establishment activities such as preparation and care of seedbed and transplanting because of the rise in the number of adopters of direct-seeding method.
Labor input in crop care activities such as weeding and fertilizer application increased from 1966 to 1974 as a result of wider diffusion of MVs, but declined thereafter. MVs required greater application of current inputs such as fertilizer, insecticides, and herbicides. The decline in labor input in crop care activities can be attributed to increased herbicide application, which effectively substituted for manual weeding.
Labor requirement in harvesting and threshing in Central Luzon increased from 1966 to 1974 partly due to larger harvest associated with the diffusion of MVs and the shift of threshing method from labor-saving tilyadora to labor-intensive manual threshing. Yet subsequently labor input in harvesting and threshing declined because of increased adoption of portable threshers.
Factor Shares and Income in Rice Production
Factor shares in rice production Changes in factor shares in rice farming indicate who gain from increases in the value of rice production. Before we discuss the factor shares in rice production, let us briefly review the trends in real factor prices deflated by nominal paddy price index. The nominal paddy price index rose by more than 16 times from 1966 to 1999 (Table 5 ). Nominal wage rates increased much faster than the paddy price during the same period, resulting in three-fold increase in real wage rate. It is also noteworthy that real wage rates rose faster than real rental rates of tractor and thresher and real price of urea. However, real wage rates in land preparation, transplanting and harvesting slightly declined from 1986 to 1990, while the real wage rates in the same activities rose sharply in the 1990s.') Such changes can be explained largely by changes in labor demand in non-farm sectors, which experienced cycles of rapid growth and stagnation.
Factor shares per ha per season in rice production are shown in Table 6 . The costs of family labor were imputed using the appropriate market wage rates for different tasks and the costs of family-owned capital such as carabaos (water buffalos), tractors, and threshers were ' W refers to wet season and D refers to dry season. ' The deflator is the nominal paddy price index. imputed using the prevailing custom rates. The return to land was estimated as a residual by subtracting actual and imputed costs of current inputs, capital, and labor from the gross value of output. The share of current inputs in the value of output rose sharply from 7% in 1966 to 16-25% between 1974 and 1999. The jump in the factor share of current inputs in the 1970s can be attributed largely to the adoption of fertilizeresponsive MVs. On the other hand, the near constancy of factor share afterwards can be explained by offsetting changes in current input prices and the amount of purchased input application. In fact, as the real price of urea declined vis-a-vis paddy prices, application of fertilizer increased. Insecticide application has gone done in more recent years due to increased popularity of integrated pest management system, which discourages the use of insecticide until clear symptoms are found. The use of herbicides depends on whether direct seeding method of crop establishment is used in place of transplanting because weeding is infeasible in direct-seeded fields. Similar to the case of fertilizer, expenditure on herbicide did not increase considerably despite the increased popularity of direct-seeding. It appears that an increase in the quantity of herbicides applied was more than offset by a decrease in their prices.
The share of capital input increased from 1966 to 1982 due to increased adoption of tractor and thresher, but declined slightly beginning in 1986 and remained fairly constant since then. While it was often argued that the adoption of tractors and threshers were induced by the earlier adoption of MVs, detailed micro studies by David and Otsuka [3] did not concur. It is noteworthy that there has been an increasing trend in the factor share of hired capital because of the development of tractor . rental markets on custom basis.
The average factor share of labor is 30% from 1966 to 1980 and then declined in the 1980s due to the spread of labor-saving technologies such as tractor, thresher and directseeding. Yet the factor share of labor increased in the 1990s due to the increase in wages. Note that the increase in wages did not further induce mechanization because the adoption of thresher was already 100% and that of tractor was well over 90% in the early 1990s. Instead, the impact of increase in wages is observed in increased adoption of direct-seeding. It is however notable that the adoption of directseeding was not so substantial because its adoption requires strict control of water. The factor share of hired labor remained fairly the same from 1966/67 to 1994/95 but rose sharply in 1998/99 due to increased application of hired labor and increased wage rates. It seems clear that sharp increase in wage rate resulted in the substitution of hired for family labor during the late 1990s. In all likelihood, this is due to higher educational attainment of members of farm households relative to landless households (Hayami and Kikuchi [10] p. 63). Members of farmer households are more likely to participate in non-farm employment activities, earn higher income, increase their preference for leisure, and eventually decrease their participation in rice farming. Landless workers are mainly concentrated in simple farm tasks which do not require specific care and knowledge such as weeding, harvesting and threshing. The factor share of land was as high as 57% in 1966 but declined considerably in 1986. The decreasing importance of land in rice production supports the hypothesis that MV technology has a land-saving bias (Hayami and Kikuchi [9] ). Leasehold rent as a proportion of output declined consistently over time because leasehold rent has been fixed by law, while yield has increased due to the adoption of high-yielding MVs.'l Thus, the land reform beneficiaries gained a great deal of land income over time.
Rice income
Ideally we should like to examine the changes in the residual profit, as it is a good measure of technical cum allocative efficiency. We decided to use rice income in our regression analysis, however, because the estimated residual profits turn out to be often negative, which renders the use of standard double-log specification in the regression analysis infeasible_ We define rice income as gross revenue minus paid-out costs consisting of current inputs, and hired labor and capital. Table 7 shows real rice income per ha per season deflated by the nominal paddy price index corresponding to TV, MV1, MV2 and MV3 for each survey year including the wet and dry seasons. It must be warned that while the use of paddy price index as a deflator is permissible, whether it is the best deflator for the purpose of assessing the income effect of new generations of MVs can be debated.
An alternative deflator is the consumer price index (CPI), which is commonly used to measure of economic welfare of consumers. The farm gate price of rough rice (deflated by CPI) is characterized by a downward trend attributed mainly to a successful diffusion of modern high-yielding rice varieties. We choose the paddy price as our deflator partly due to a large share of rice income in total household income particularly before the mid-1980s when the non-farm sector started to develop. More importantly, the use of paddy price as deflator is appropriate for our purpose because our aim is to assess the impact of modern rice technology on rice production and its distribution but not on the welfare consequences.
There is not much difference in paddy and input prices in two adjacent seasons (e.g., 1966 wet season and 1967 dry season), so that taking the average of rice income using the wet and dry season samples jointly will be appropriate.
Rice income per ha per season corresponding to TV was slightly higher than that of MV1, indicating that the income effect of MVl was limited or even negative. Rice income in 1974 was low, because of huge typhoon damages. Note, however, that rice income in 1979/ 80 rose substantially corresponding to the adoption of MV2 due particularly to increased yield. During this period, the Philippine economy stagnated and the development of nonfarm sector has been so sluggish that nonfarm employment opportunities were limited. Thus, the effect of yield-increasing MV2 on rice income was not offset by increases in input prices, particularly wage rates.
Real rice income remained fairly the same since 1982 or even declined in 1998/99 corresponding to the adoption of MV3 partly because rice yield began to stagnate in the mid-1980s (Pingali, Hossain, and Gerpacio [18] ). Meanwhile, the nonfarm sector began to develop and domestic labor market started to get integrated with the international labor markets. As a result, wage rates rose considerably faster than paddy prices. It is not surprising that real rice income per ha has remained the same or even declined due to increased wage rates. The negative effects of increased input prices might have outweighed the positive effects of increased yield and higher grain price due to MV3. It is also of interest to notice that income of MV3 was only slightly higher than that of MV2 in 1986/87.
Overall, it appears that the income increasing effects of MVs became significant only with the adoption of pest-resistant MV2. On the other hand, the declining real rice income per ha since the mid-1980s can be accounted for by both increased labor costs and stagnant yield. Table 8 shows the estimation results of "quasi reduced-form" rice income function from 1966 to 1999 by year, which regresses rice income on farm and household characteristics and rice variety dummies. Rice income in our regression run is rice income per hectare per season, which is gross of rent payments to landlords. We use the double log specification, which means that a few households that have zero or negative income from rice farming are deleted from the regression runs.
Determinants of Rice Income
For each regression run, we combine the wet and dry seasons and use a dummy for the dry season to control for seasonal effects. We did not pool data of different years, other than adjacent ones, because, as will be seen, the coefficients of many explanatory variables changed from year to year. Also the results of pooled regression highly depend on the choice of deflator. The regression results are very poor in terms of low R 2 , but this is primarily due to relatively homogeneous nature of the natural and social environments in our study sites. It is highly unlikely that the poor fit is due to noisy nature of the data because well-trained and experienced IRRI field staff carefully conducted the surveys for many years.
In 1966/67, when TVs were grown, irrigation ratio is not a significant factor affecting rice income because the yields of TVs in irrigated and rainfed plots were not so much different. The coefficient of the 1967 dry season is negative and significant because TVs are photoperiod sensitive and thus is not suitable for dry season cropping.
In 1970/71 and 1974, the coefficients of MVl are not significant because MVl is susceptible to attacks of pests and diseases. Thus, while MV1 is potentially higher-yielding than TVs, the actual yield obtained by farmers with MVl is not so much different with that of TVs. It is also of interest that the coefficient of irrigation became positive in 1970/71, suggesting that there may be positive interaction effect between MV adoption and the presence of irrigation.
Rice income increased significantly with the adoption of MV2 from the early 1970s to the late 1970s mainly because the yield almost doubled with the adoption of MV2, while the price of current inputs, wages, and rental rates of capital remained low. It seems that the impact of irrigation-MV2 technology is captured mainly by the irrigation ratio but not by MV2 in the 1979/80 regression because irrigation and MV2 adoption are highly complementary. In 1982, the coefficient of irrigation ratio declined to 0.20 from 0.59 in 1979/80 possibly because the resistance of MVs against various pests and diseases declined as insects and pests evolved over time.
The impact of irrigation on rice income is positive but not significant beginning in 1986/ 87 with the adoption of MV3. Newer MVs are more resistant to drought, so that the impact of irrigation ratio on income seems to have declined with MV3. However, MV3 seems to be particularly suitable for dry season cropping as shown by a significant and positive effect of the dry season dummies in 1987, 1995 and 1998.
The coefficient of growth duration is, in general, not significant indicating that shorter growing period of new MVs did not reduce rice income per hectare per season. Note, however, that shortened growth duration should have increased cropping intensity per year, so that the annual income from rice farming must have risen with shorter cropping season. The positive impact of shorter growth duration on household income as a whole is not reflected in our regression function because our dependent variable is rice income per hectare per season.
While it is commonly believed that MYirrigation technology is scale neutral (Barker and Herdt [1] ), the coefficients of farm size in 1974, 1979/80 and 1982 are negative and significant indicating that smaller farms obtained greater income. Our conjecture is that the optimum farm size became smaller with the adoption of MVs, which required the intensive use of purchased inputs. It is also important to realize that proportion of area under leasehold cum CLT has negative and significant coefficients in the 1979/80, 1982 and 1998/99 regressions, implying that leasehold tenancy is less efficient than share tenancy. This finding is neither consistent with the Marshallian theory of inefficiency of share tenancy nor the efficiency view of share tenancy proposed by Hayami and Otsuka [11] , which argues that share tenancy is not significantly inefficient compared with leasehold tenancy. We speculate that because of the implementation of land reform in the 1970s, the leaseholders and CL T holders, who were former share-tenants and who depended on their landowners for the provision of purchased inputs, were experiencing "learning by doing" in the use of such inputs. It is likely that they applied less current inputs than the optimal level because they began to shoulder the full costs of inputs. Unexpectedly the coefficient of the proportion of area under owner cultivation is positive and significant in 1994/95 and 1998/99 possibly due to the positive "incentive" effects of owncultivation or to increased collateral value of their owned lands.
Demographic characteristics of household head such as age, schooling and sex were not significant indicating that demographic characteristics are not crucially important in the management of rice farms. These findings are consistent with a large number of prior studies (Estudillo, Quisumbing, and Otsuka [6] ). It is interesting to find that distance from Manila has a positive and significant coefficient in 1970/71, 1979/80, 1986/87 and 1994/95. This may mean that households who are located near Manila tend to engage more in nonfarm work and relegate farm work to hired laborers, so that household incomes were relatively small.
Summary and Conclusions
This paper aims to document the changes in rice farming practices and identify the effects of old and new MV s on rice yields and income for the last three decades in Central Luzon, the Philippines. We have found that the adoption of MVs was surprisingly fast and farmers quickly adopted newer MVs as they became available perhaps because farmers obtain higher profits with newer MVs. Rice yield, however, rose only modestly with the adoption of MVl. A major yield boost was obtained with the diffusion of MV2, which is resistant against various pests and diseases. Yield began to stagnate in the mid-1980s with the diffusion of MV3, which is considered to be superior with respect to grain quality but not so much with respect to yield.
Real rice income per hectare per season did not rise with the adoption of MV1, indicating that the income-increasing effect of MVl was limited. MV2 has a significantly positive effect on rice income due to its higher yields and suitability for dry season cropping. Meanwhile, input prices remained low in the years of diffusion of MV2 and, hence, higher yield of MV2 resulted in higher rice income. Rice income has remained fairly the same from 1979 or 1986 to 1999 despite the fact that MV3 rapidly replaced MV2. Thus, superiority of grain quality of MV3 was not manifested in higher rice income for the last two decades. Moreover, our regression analysis of the determinants of rice income failed to reveal significantly positive effect of MV3 on rice income compared with MV2.
We may therefore conclude that the Green Revolution ended during the 1980s or even at the end of the 1970s, even though newer MVs would have brought about marginal yield and income gains. The yield stagnation occurred in the 1980s not only in such favorable rice growing area as the Central Luzon but also in less favorable areas in the Philippines (e.g. Estudillo, Quisumbing, and Otsuka [6] ). In all likelihood, this is due to the exhaustion of the yield potential using the conventional methods of rice breeding. If so, the Green Revolution will end sooner or later even in South Asia, where the Green Revolution began later and was sustained longer than in Southeast Asia, so far as the modern rice technology was transferred from the Philippines (Otsuka [15] ). Therefore, a new breakthrough will be needed to reverse the stagnant trends of rice yields and incomes in rice growing regions of tropical Asia. 1) According to Estudillo and Otsuka [ 4] and Estudil!o, Quisumbing and Otsuka [6] there has been a shift of household income away from farm toward nonfarm sources caused mainly by the development of the nonfarm sector and increased access of household members to nonfarm employment. Adoption of MVs has a positive effect on farm income but negligible effect on nonfarm income.
2) The description of the survey design is drawn from Herdt [13] .
3) Leaseholders and CL T holders are both land reform beneficiaries. We will explain the nature of the Philippine land reform programs shortly. 4) This section draws from Hayami, Quisumbing, and Adriano [12] and Otsuka [14] . 5) The tables on the trends in the adoption of labor-saving technologies and labor use are not shown in this paper to minimize on space. 6) Real wage rate in harvesting is low in 1999 due to particularly low yield. 7) Leasehold rent as a proportion of output is particularly high in 1974 because of low yield due to typhoon.
